BACKGROUND: Neutrophil-lymphocyte ratio (NLR) and Platelet-Lymphocyte ratio (PLR) are emerging markers of systemic inflammation in chronic disorders, including hemoglobinopathies.
Introduction
V aso-occlusive crisis (VOC) is the most common presentation in sickle cell anemia (SCA) patients and may involve any tissue or system. [1] VOC is a complex process and an important cause of morbidity and mortality in SCA patients that is influenced by numerous factors, including deformability of erythrocytes, leukocyte and platelet counts, inflammatory mediators, endothelial cell adhesiveness, and others. [2] [3] [4] [5] SCA is an inherited autosomal recessive disorder that results from a single amino acid substitution in the gene encoding the β-globin subunit of hemoglobin. The resultant sickle hemoglobin has valine instead of glutamic acid at the 6 th position of the beta-globin subunit. [6] This mutation leads to an alteration in the properties of the hemoglobin tetramer, and thus, predisposes the erythrocytes to polymerization. Polymerization of deoxygenated sickle hemoglobin leads to decreased deformability of red blood cells (RBCs) . Through a complex interplay of events among blood cells with increased adhesiveness, these altered erythrocytes can obstruct the vasculature and produce episodes of pain, hemolysis, organ injury, and early mortality. [6] Although the mutation in erythrocyte is the etiology of SCA, various studies have shown a pivotal role of neutrophils in the disease. [7] Both in vivo and in vitro models have noted the dynamic interactions between the endothelial wall and flowing blood cells, and among the flowing cells, of which the irreversibly sickled RBCs appeared to be the most adherent to neutrophils. [3] Neutrophilia, as seen in SCA, would worsen such interactions involving neutrophils. In addition, recruitment of the adherent leukocytes to activated endothelium would enhance the progress of VOC. [5, 8] VOC could be worsened by the presence of activated platelets seen in SCA patients. Platelet count is higher and platelet activation is enhanced in SCA patients during steady-state conditions and platelet count is further elevated in VOC. [4, 5, 9] The severity of VOC is worsened due to platelet activation, which leads to enhanced adhesion of sickle erythrocytes to endothelium. In addition, platelets form aggregates with monocytes, neutrophils, and erythrocytes, thereby worsening VOC by obstruction of microvasculature. [4, 9] Recently, the neutrophil-lymphocyte ratio (NLR) and PLR ratios have been suggested to be indicators of inflammation in various diseases, including SCA, atherosclerosis, and venous thromboembolism. [10] [11] [12] These lymphocyte ratios (LRs) have rarely been investigated in SCA during VOC. We aimed at studying the pattern of NLR and PLR in SCA patients during steady state and VOC and compared with those of hemoglobin A (HbA) control individuals.
Materials and Methods

Study participants
This cross-sectional study consisted of 90 adult individuals enrolled and grouped into three groups: VOC group made up of 30 SCA patients enrolled consecutively at presentation during the acute painful crisis at the hematology day care unit of University College Hospital, Ibadan, South West Nigeria. VOC was defined as the occurrence of acute pain in the extremities, back, chest (ribs and sternum) that led to a hospital presentation and could not be explained except by SCA. [1] Steady state (steady) group made up of 30 SCA patients enrolled during routine follow-up visit. Steady state was defined as stable health state in SCA patients who did not have pain or any other crisis, and no blood transfusions in the previous 2 months; [13, 14] and control (HbA) group composed of 30 HbA individuals who were workers in the study hospital. The control participants were healthy (HbA) age-and sex-matched adults without previous clinical evidence of hemoglobinopathies. The hemoglobin phenotypes of all the participants were confirmed using high-performance liquid chromatography (HPLC). The individuals with concurrent overt infection, other acute complications than VOC, pregnancy, and other hemoglobinopathies were excluded from the study.
The questionnaires were filled from patients' notes and by interview. The questionnaire contained sections on bio-data and past medical. The Institution's Ethics Review Committee gave approval for the study and all participants gave informed consent.
Subsequently, venous blood sample was collected from all the participants and dispensed into two BD ® ethylenediaminetetraacetic acid vacutainers. One for analysis of the hematological parameters, and the second tube for analysis of percentage hemoglobin quantification.
Complete blood count was performed using Sysmex XS1000i (Sysmex Corporation, Kobe, Japan), a fully automated 5part counter present at the Hematology Department of the hospital. NLR was calculated as absolute neutrophil count divided by absolute lymphocyte count (ALC), and plateletlymphocyte ratio (PLR) was calculated as platelet count divided by ALC. 
Percentage hemoglobin (percentage fetal hemoglobin and percentage hemoglobin A) quantification
Statistical analysis
Data were analyzed using SPSS version 22.0 (Statistical Package for Social Sciences, Inc., Chicago, USA). The descriptive data were presented as means ± standard deviation except otherwise stated. Frequencies are presented in tables and graphs. Student's t-test was used to compare means of the independent variables. Spearman's rho analysis was performed for correlation of the hematological parameters and percentage of hemoglobins in SCA patients. The results were considered statistically significant if value of P < 0.05.
Results
Hematological parameters for hemoglobin A controls and sickle cell anemia patients
Demographic characteristics of the study participants, as well as the hematological parameters, percentage hemoglobins, and lymphocyte ratios, are summarized in Tables 1 and 2 . Ninety adults were evaluated in this study. Sixty previously diagnosed with SCA by alkaline electrophoresis comprised 27 males (45%) and 33 females (55%). Of the 30 apparently healthy HbA controls, 12 were male and 18 were female. There was significantly elevated total white blood cell count in the VOC group compared to the steady-state group (15.88 ± 4.61 × 10 3 /µL vs. 11.27 ± 3.17 × 10 3 /mm 3 ; P = 0.000).
Correlations of hematological parameters, leukocyte ratios, and percentage of hemoglobin in patients with sickle cell anemia
Correlation analysis was performed in the SCA patients during steady state and VOC. There are positive correlations between NLR and PLR (r = 0.32, P = 0.015) [ Figure 1 ]. As expected, there was a negative correlation between the percentage hemoglobin F and S (r = −0.87, P < 0.0001), [ Figure 2 ], while hematocrit was negatively correlated with absolute neutrophils count and ALC [ Figures 3 and 4 , respectively]. In addition, %HbF was negatively correlated with total white cell count (r = −0.29, P = 0.047) but not significantly associated with NLR (r = −0.03, P = 0.856) and PLR (r = −0.09, P = 0.567).
Discussion
Leukocytes play an important role in the pathophysiology of SCA by adhering to blood vessel walls and obstructing the lumen, forming aggregates with other blood cells, thereby worsening vaso-occlusion, stimulating the vascular endothelium to increase its expression of ligands for adhesion molecules on blood cells, and causing tissue damage and inflammatory reaction, which predispose to vaso-occlusion. Studies have shown that severity of SCA is worsened by leukocytosis. [4, 8] Neutrophils are the most abundant leukocytes in the circulation and are important in acute inflammation, and neutrophilia, as well as thrombocytosis, are associated with increased severity of vaso occlusion in SCA patients. NLR and PLR have been postulated as markers of inflammation, and studies have associated elevated NLR and PLR with clinical outcomes in cardiovascular disease, cancers, as well as renal disease in SCA. [10, 14, 15] In the present study, NLR was significantly higher in SCA patients than HbA controls and in the VOC group than the steady-state group. Contrarily, the platelet-lymphocyte ratio was not statistically different among these groups. However, NLR was positively correlated with PLR, and hematocrit are similar to those of previous studies, in which NLR was found to be significantly elevated in SCA and other disease conditions. [10, 11, 16, 17] They found a higher NLR and/or PLR in patients with SCA, diabetes mellitus, and systemic lupus erythematosus than controls. These findings show that the rate of rise of neutrophils during these disease conditions is higher than the rate of rise of lymphocytes.
Like other researchers, this study buttresses that SCA is a chronic inflammatory disease as evidenced by a higher NLR during steady state and VOC. [14, 18, 19] Leukocytes, which are both increased and activated in SCA, aid the transition from steady state to VOC. In the presence of the appropriate VOC-inducing agents, leukocytes enhance adhesiveness of the endothelial cells by the secretion of pro-inflammatory mediators and expression of corresponding adhesion molecules, thereby enhancing vaso-occlusion and the pain process. There is increased hematopoietic activity in addition to transition of the marginating leukocytes to the circulating pool just before the onset of or during VOC. This could be responsible for the marked leukocytosis noted in the VOC group compared to the steady-state group. Leukocytosis increases the propensity of leukocytes to adhere to the postcapillary venular endothelium, thus, reducing the vessel lumen. This occlusion is worsened by sickled and unsickled RBCs, platelets, and leukocytes, which all have increased tendency to adhere to the vessel wall and to other cells in these patients. [8, 19, 20] Paradoxically, leukocytosis in these patients may be a form of defense response against overwhelming infectious agents to which SCA patients are susceptible sequel to functional asplenia that results from recurrent splenic infarction. Functional asplenia predisposes the patients to overwhelming infections, particularly encapsulated organisms such as Streptococcus pneumonia and Hemophilus influenzae. [19, [21] [22] [23] A high NLR in SCA patients is a risk factor for developing VOC as well as a risk of other end-organ damage. Similar to John et al., this study found a higher NLR in SCA patients than HbA controls. Contrarily, the latter study failed to demonstrate a significant relationship between higher NLR and sickle cell nephropathy probably because their cohort was made of SCA patients in the steady state. [11] Consistent with other studies, significantly elevated platelet count in the VOC and steady-state group may have resulted from a rebound thrombocytosis. Rebound thrombocytosis may accompany hemolytic anemias and anemia of chronic disease because of the compensatory feedback effect of anemia on erythropoietin production. This is due to a structural homology between erythropoietin and thrombopoietin. [23] [24] [25] In addition, hyposplenism in SCA leads to the exclusion of the pooling effect of the was negatively correlated with absolute neutrophil count (ANC) and ALC in SCA patients. Our findings spleen on platelets, thus, contributing significantly to the elevated platelet count observed. [24] These platelets are not only elevated in patients with SCA but also they are activated because of the sickle cell-induced milieu. Blunted response to erythropoietin; very short RBC life span because of the presence of abnormal hemoglobin S leading to continuous hemolysis; and recurrent infection also contribute to anemia in these patients, hence, worsening thrombocytosis. [25, 26] The percentage hemoglobin S in each red cell, though not significantly different between the steady-state and VOC groups, is proportional to the degree of polymerization of deoxygenated sickle hemoglobin and inversely proportional to the HbF level. [18, [27] [28] [29] [30] [31] However, %HbF was not significantly associated with PLR or NLR.
Positive correlation of neutrophil-lymphocyte ratio and platelet-lymphocyte ratio in SCA patients supports the contribution of neutrophils and platelets to chronic inflammatory state in SCA patients. These ratios could be useful cheap and stable markers of inflammation. The use of these LRs may be useful and better than using ANC or platelet count solitarily in assessing the degree of inflammation in SCA patients. This is because these ratios are somewhat more stable and not easily influenced by physiological, pathological, or stressful events known to influence neutrophil and platelet counts and activities.
Among other factors that may influence the degree of inflammation in SCA is the hematocrit. A negative correlation between the hematocrit and ANC or platelet count in SCA patients suggests that a high hematocrit may be protective in SCA patients and may reduce the severity of VOC. However, previous studies have shown that high hematocrit will lead to increased viscosity and VOC becomes worse. Therefore, it is logical to suggest that there is a critical hematocrit "cut off" that will worsen inflammation in such patients; hence, there is a need for further research to determine the critical high hematocrit that is deleterious in SCA patients.
Conclusion
NLR is higher in SCA patients compared with HbA controls and positively correlates with PLR in SCA during the steady state and VOC. These are reflective of the roles of neutrophils, platelets, and lymphocytes in the constitutive inflammatory process. These LRs are cheap, stable, and simple derivatives of blood count that could be adopted as the markers of inflammation in SCA patients.
